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Abstract 
Cogeneration systems integration in the smart-grid is in a continuous development and its effects have been studied in many works. 
This work presents a technical contribution to the objective functions used for modeling and optimization of such integrated 
systems. Many new factors are highlighted with their calculation impact. New objective functions are also introduced, which take 
into account various additional factors. These functions correspond to the profit, the production cost, the total investment cost and 
the pollution of the cogeneration systems integration. The new functions are then compared to the old functions to show the impact 
of the added factors. The added factors are essential for decision-making related to integrating cogeneration systems into a smart-
grid.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction 
A cogeneration system is a system that manages simultaneous production of electric power and heat. This system 
comprises typically of a prime mover, a generator, a heat recovery system and electrical interconnections. The thermal 
power is essentially recycled from the heat released by combustion in the prime mover in the system. 
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The use of cogeneration systems increases the efficiency of energy production from 35% up to 85 %. This 
economically viability has pushed the people to install these systems, knowing that the production of electricity and 
heat is on site. Several studies have been made on these systems and especially on their integration in electrical 
networks. The two main problems of the integration of cogeneration systems, as highlighted by most studies, are 
economy and pollution. Figure 1 represents the integration of the cogeneration systems into the grid 
In this work, a bibliographic study is made to quote and compare all the factors used in the mathematical functions 
modelling cogeneration systems. In addition, some other factors are also highlighted, which have significant impact 
on calculations. New models, that take all the cited factors into account, are also introduced. Their roles are the 
calculation of the economic profit, the production cost, the total investment cost and the pollutant emissions of the 
cogeneration systems integration. A comparison between the conventional and the new models are then presented to 
show the positive impact of the added factors. 
 
Fig.1. Schematic representing the integration of cogeneration systems into the grid 
In section II, a general review on the mathematical functions used in the publications will be made. Section III 
highlights our contribution to the objective functions by defining each additional factor. In section IV, the new 
objective functions will be presented. And finally, in section V, the comparison of the proposed functions to the existed 
ones will be discussed, showing the impact of each additional factor.  
2. General review of the mathematical functions used in the related works 
Several mathematical functions concerning the integration of cogeneration systems have been discussed in the 
publications. These functions only take into account the economic aspects and the data concerning their degree of 
pollution. In this part, the problems modelled in several points of view will be highlighted.  
At the economic level, mathematical functions or models typically follow three major themes. These three themes 
are: the total cost of investment, the cost of production and profit. The papers in which the total cost of investment is 
highlighted are [1-5]. The papers which discuss the cost of production are [6-16]. Finally, the papers in which they 
present a method to calculate the profit are [3], [14], [16-21]. These papers do not discuss the impact of pollution in 
any significant detail. The papers that have modelled the calculation of emissions are [6-8] and [18].    
2.1. Total investment cost 
The problem addressed in the total investment cost studies is to establish a general objective function for 
optimization and scheduling, which sums up the costs of installation, investment and operation of cogeneration 
systems. 
In [1], the objective function is the sum of the capital, the annual costs of annual demand (as defined by the contract 
with the utility company) and the estimated energy annual costs (electricity, space cooling and heating, hot water). In 
[2] the objective function is calculated as a function of two costs. The first is the cost of electrical energy and heat 
without the integration of cogeneration. And the second corresponds to the cost of energy in the system resulting from 
the integration of cogeneration. The total function contains a weighting factor which is the coefficient of availability 
of the cogeneration system. In [3], the Net Present Cost (NPC) calculates the costs of the auxiliary boilers and the 
cogeneration system with its variable cost. The objective function in [4] represents a minimization of the sum of the 
specific costs. It is a function of the costs of investment, operation, maintenance and fuels. In [5], the function depends 
on the price of fuel and its enthalpy, the cost of production and the cost of transmission. 
1582   Joseph Al Asmar et al. /  Energy Procedia  74 ( 2015 )  1580 – 1588 
List of Nomenclatures: 
ܯ: Number of cogeneration systems 
ܰ: Number of time intervals 
ܭ: Number of conventional extinct generators 
௜ܲ: Power produced by ith  cogeneration system (MW) 
ݐ௜௝: Production time of the ith cogeneration system at jth time interval (h) 
ܧ௝௟௢௔ௗ: Load demand at jth time interval (MWh) 
ݐܽݎ݂݂݅(OHFWULFLW\WDULII¼0:K 
݊: Incentive or motivation factor when consumer sells the utility (usually ͳ ൑ ݊ ൑ Ͷሻ   
ܪ௕௜௝: Fuel enthalpy in the boiler of the ith cogeneration system at jth time interval (MWh)  
௜ܲ ൌ ௜ܲ௧௛௘௥௠௔௟ ൅ ௜ܲ௘௟௘௖௧௥௜௖௔௟݋ݎ  
ܪ௕௜௝ ൌ ௜ܲ כ ݐ௜௝ ൅ ܮ݋ݏݏ݁ݏ 
                           Ͳ ൑ ܮ݋ݏݏ݁ݏ ൑ ͲǤͷܪ௕௜௝ 
ܿ௜௝: Fuel cost of the ith cogeneration system at jth time interval ¼0:K 
ߙ௜௝: Deterioration factor of the ith cogeneration system at jth time interval (Ͳ ൑ ߙ௜ ൑ ͳǢߙ௜ ൌ Ͳfor ideal cogeneration system 
and ߙ௜=1 for damaged one) 
ܿ௠௜௝: Average maintenance cost of the ith cogeneration system at jth time interval (¼ 
ܫ݊ݒǤ ܥ݋ݏݐ,QYHVWPHQWFRVWRIWKHUHQHZDEOHHQHUJ\V\VWHPRUFRJHQHUDWLRQV\VWHP¼ 
௝ܽ௞: Attrition cost of the kth conventional off-generator at jth time interval due to cogeneration system integratiRQ¼K 
ܵ௧: Total steam demand (Ton) 
ܿ௪&RVWRIZDWHU¼7RQ 
ܿ௧7UDQVPLVVLRQFRVW¼0:K 
ܦ௜௝: Pollution rate of fuel in the boiler of the ith system at jth time interval (Ton/MWh) 
ܦܽ݉௜௝: Pollution due to damaging of the ith system at jth time interval (Ton) 
ܲ݋ ௝݈௞: Pollution of the kth off-generator at jth time interval (Ton/h) 
2.2. Production cost 
The production cost problem considers the operation costs of the integrated cogeneration system. This problem 
requires a realistic study of the system in order to find the appropriate operational strategies. This cost is particularly 
influenced by the mode of use of fuels and their relative electric and heat efficiencies in the system. 
References [6], [7] and [8] have the same objective function with respect to the minimization of the cost of 
production of the cogeneration system in the industrial sector. In fact, the calculated cost is dependent on the price of 
the fuels mixture, the enthalpy of the boilers and the cost of electrical exchange with the network, according to the 
time of use rate of the system (TOU). The function of [9] depends on the sum of the costs of the electrical power of 
the conventional generators, of the thermal power of boilers and of the thermal and electrical powers of the 
cogeneration system. In [10], the function depends on the operating costs of the gas turbine generators, the steam 
turbine generators, the diesel generators and the boilers. These costs are represented as a function of the electrical and 
thermal powers. In [11], the objective function is calculated based on the operating costs (including the maintenance 
cost) of the gas turbines, the steam turbines, the boilers, the heat recovery boilers, the import and export cost of energy 
and the demand. In [12], the function depends on the costs of the heat production, the start-up and shut down of the 
boilers and the costs of the electricity production and the start-up and shut down of the turbo generators. The objective 
function in [13] is dependent on the cost of the purchased natural gas used in the gas turbines, the absorption chillers 
and the heat recovery boilers, and of the cost of the purchased electrical energy. In [14] the objective function is 
calculated in function of the operating cost rate to cover the energy demand and the penalty rate for not covering 
energy needs. It takes into account the taxes, the capital cost depreciation of the system and the profit from the sold 
electricity. The objective function of [15] depends on the cost of fuels, the cost of the energy at the peak and off-peak 
hours, the cost of the used water, the demand charges of the peak and off-peak hours and on the electrical energy 
exported to the network. The first function in [16] depends on the electrical power, the energy reserve and the reserve 
price of each unit. 
2.3. Profit 
The problem concerning the profit is to calculate the added value of the cogeneration system integration. He has 
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as goal the calculation of the economic benefit in order to show the importance of this integration. 
In [3], the Discounted Payback Period (DPP) is defined as the difference between the total cost of the system 
when integrating the cogeneration system and the total cost of the system without this integration. In [14] the Net 
Present Value (NPV) of the investment is calculated in function of the investment cost without subsidy, the annual 
profit of the operation year (including the taxes) and the present worth of the salvage value of the system at the end 
of the period studied. In [16], the second function presents the benefit of the system in function of the strategies of 
performance (control, change of number of operating units, efficiency, consumption of fuels, thermal service). In [17], 
the function highlights the cost of fuels used in several types of boilers (high-pressure and medium-pressure), the cost 
of the electrical exchange with the network and the cost of the industrial water. In [18], two objective functions are 
presented. The first calculates the electricity cost at the utility level with regards to the DC optimal flow. It is calculated 
as a function of the fuel cost, the start-up cost and the subsidy provided to the customer. The second function calculates 
the electricity cost at the client level. It is calculated as a function of the demand charge, the energy cost (including 
the cost of electricity exchange), the cost of the energy equipment and the cost of the cogeneration system equipment 
(including the subsidy). The objective function in [19] is calculated in function of the revenues (electrical and thermal), 
the maintenance cost, the fuel cost and the operating cost. It takes into account the units availability due to the 
maintenance and the errors which can occur. In [20], the Net Present Value (NPV) is calculated according to the 
revenue of each unit, to the heat supplied by each one, to the production cost of heat, to the thermal losses and to the 
service and maintenance cost. In [21], the objective function is calculated in function of the variable cost, the cost of 
the gas consumed by the system and the boilers, and the electricity cost. 
2.4. Pollution 
The problem of the emissions calculation aims to highlight the degree of pollution in order to take into account the 
operation mode of the cogeneration system. In fact, the fuel type and the generators power have a large effect on the 
pollution.        
The following articles highlight the emissions minimization. The objective functions in [6], [7] and [8] calculate the 
emissions of NOx and SOx in function of the fuel enthalpy. In addition, in [8] the function takes into account the CO2 
emissions. In [18], the objective function calculates the CO2 emission in function of the generators output power and 
the gas use.  
3. Contribution to the objective functions 
As is already shown, the objective functions modelling the economic aspect are different from one model to 
another. In fact, no objective function does highlight all the problems 
It is remarkable that no function has considered the maintenance cost explicitly as variable in function of time. In 
addition, the reliability index or the deterioration factor of the cogeneration system is not highlighted in the calculation. 
Similarly, the cost of electrical exchange has not considered the motivation factor of the utility to the customers. 
In this part, the maintenance cost considered as time variable, the deterioration factor, the motivation factor, the 
attrition cost of the conventional extinct generator (off-generator), the pollution due to system deterioration and the 
reduced pollution due to conventional extinct generators will be discussed, as well as their addition to the model.  
3.1. Maintenance cost considered as time variable 
One of the decision constraints to install the cogeneration or renewable energy systems is the maintenance cost. It 
must be calculated in the objective function to highlight its economic interest in the system. ,QDGGLWLRQLW¶VQHFHVVDU\
to consider the maintenance cost as time variable, not as constant as mentioned in some papers. 
Each system has its own components and maintenance cost. This depends on the nature of the system, and the 
physical constraints. In addition, the maintenance cost is variable in function of time and in function of the system 
aging. The maintenance cost is normally negligible during the first year. And the risk of defections in the system 
increases each year of operation. 1RUPDOO\LW¶VUHODWHGWRWKHGHWHULRUDWLRQIDFWRU 
The fact of calculating the maintenance cost has an impact on the profit and the total investment cost of the system.  
3.2. Deterioration factor 
The reliability of a cogeneration system varies from one system to another. This depends normally on the type of 
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the system or the nature of its manufacture. In fact, the reliability of the system is an important factor for the cost 
calculation. 
The deterioration factor is an indicator of the reliability of the system. If the system is reliable its deterioration 
factor is negligible. Otherwise, this factor has a significant value. 
If a system is not reliable, its economic interest decreases. And sometimes in this case, the cogeneration system 
will be useless to be installed. For this reason, the reliability of the system has an important role in the integration 
decision. In addition, this factor has an impact on the pollution. If the system is no longer reliable, there will be 
polluting emissions greater than those corresponding to the reliable system. Therefore, it is essential to consider the 
deterioration factor since it is a contributing factor to the profit, the total investment cost and the pollution of the 
system.   
3.3. Motivation factor 
The motivation factor integrated by the utility is to motivate customers to install cogeneration systems. It is 
generally defined by an amount offered by the utility to the customer. This amount can be represented by a part of the 
investment cost, or by a proportional sum to the energy sold by the customer to the utility. 
In several countries, the energy produced by the customer and purchased by the utility is more expensive than the 
energy sold by the utility to the customer. For example, if the utility sells the electricity at ݔ̈́Ȁܹ݄݇, it buys it 
at݊ݔ̈́Ȁܹ݄݇ (݊ ൐ ͳ).  
In fact, the motivation factor is not highlighted in the functions calculating the profit. It is viewed only as a fixed 
amount of subsidy. This factor has an economic interest especially important at the client level. More the motivation 
factor is large, more the profit is large. 
3.4. Attrition cost of the conventional extinct generator 
By integrating cogeneration systems, extinction of some conventional generators will take place. This fact has 
several interests. One of these interests is the relaxation of the generator, especially if it was old.  
By turning-off an old or damaged generator, this will result in a profit due to large consumption of fuels in the 
generator. If this generator was new or in good conditions, it will be less profitable to turn off. Then, it must take into 
account turning off the generator having the worst conditions. 
Therefore, the attrition cost has significant effect on the production cost and on the total cost. 
3.5. Pollution due to system deterioration 
When getting old, the cogeneration system will have a polluting effect greater than when it was new. In fact, the 
efficiency of the system and its performance will decrease in function of time. This will cause more pollution due to 
residual and unburned fuels in the boileU1RUPDOO\LW¶s related to the deterioration factor. 
This factor has a significant impact on the calculation of pollutant emissions. 
3.6. Reduced pollution due to conventional extinct generators 
One of the goals of the cogeneration systems integration is the pollution reduction. This reduction is due to the 
efficiency of the cogeneration system compared to that of the conventional generator. Once the conventional generator 
is off, the pollution will be normally reduced. In addition, if the conventional generator is old or in bad conditions, its 
pollutant effect is large. Thus, the pollution due to conventional extinct generator must be subtracted from the pollution 
function. Therefore, the extinction of conventional generators has positive impact on the pollution reduction. For this 
reason, it is necessary to take into account its impact on the calculation of pollutant emissions. 
3.7. Addition to the functions 
The factors discussed in this part have an important role in the integration of cogeneration systems. In fact, it is 
necessary to introduce them in the objective functions corresponding to the calculations of the costs and the benefits 
of this integration.  
In the functions that will be proposed, the addition of these factors will take place. Their effects in the calculations 
will be then highlighted. 
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4. Proposed mathematical models 
 In this section, the new functions will be established. Each model corresponds to a theme. In fact, the new objective 
functions bring together the factors already cited in the articles, in addition to the new factors discussed in the previous 
section. 
4.1. Profit 
The new maximization objective function, corresponding to the profit of the cogeneration systems integration is: 
ܨ௣௥௢௙௜௧ ൌ ൬σ ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ כ ൤ܯܽݔ ቀ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ǡ Ͳቁ כ ൬
௡ିଵ
൫σ ൫௉೔כ௧೔ೕ൯
ಾ
೔సభ ିாೕ೗೚ೌ೏൯
൰ ൅ ͳ൨ே௝ୀଵ ൰ כ
ݐܽݎ݂݂݅ െ σ σ ሺܪ௕௜௝ כ ܿ௜௝ሻே௝ୀଵெ௜ୀଵ െ ൫σ σ ߙ௜௝ כ ܿ௠௜௝ே௝ୀଵெ௜ୀଵ ൯ െ ௧ܵ כ ܿ௪                                      (1) 
With: ܯܽݔ ቀ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ǡ Ͳቁ כ ൬
௡ିଵ
൫σ ൫௉೔כ௧೔ೕ൯
ಾ
೔సభ ିாೕ೗೚ೌ೏൯
൰ ൅ ͳ ൌ ͳ݋ݎ݊   
If: ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ ൐ Ͳ ֜ ݓ݁݉ݑ݈ݐ݅݌݈ݕݐ݄݁̶ݏ݋̶݈݀݁݊݁ݎ݃ݕܾݕ݊ ;  
If: ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ ൏ Ͳ ฺ ݓ݁݉ݑ݈ݐ݅݌݈ݕݐ݄݁̶݌ݑݎ݄ܿܽݏ̶݁݀݁݊݁ݎ݃ݕܾݕͳሻ 
And: 
൬σ ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ כ ൤ܯܽݔ ቀ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ǡ Ͳቁ כ ൬
௡ିଵ
൫σ ൫௉೔כ௧೔ೕ൯
ಾ
೔సభ ିாೕ೗೚ೌ೏൯
൰ ൅ ͳ൨ே௝ୀଵ ൰ כ ݐܽݎ݂݂݅ ൌ
ܧݔ݄ܿܽ݊݃݁݀݁݊݁ݎ݃ݕܿ݋ݏݐ  
σ σ ሺܪ௕௜௝ כ ܿ௜௝ሻே௝ୀଵெ௜ୀଵ ൌ ܲݎ݋݀ݑܿ݁݀݁݊݁ݎ݃ݕܿ݋ݏݐ  
൫σ σ ߙ௜௝ כ ܿ௠௜௝ே௝ୀଵெ௜ୀଵ ൯ ൌ ܯܽ݅݊ݐ݁݊ܽ݊ܿ݁ܿ݋ݏݐ  
ܵ௧ כ ܿ௪ ൌ ܹܽݐ݁ݎܿ݋ݏݐ  
This function presents a novelty because it takes into account the maintenance cost as time variable, the 
deterioration factor and the motivation factor. 
4.2. Production cost 
The new objective function, corresponding to the production cost of the cogeneration systems integration is: 
ܨ௣௥௢ௗ ൌ σ σ ൫ܪ௕௜௝ כ ܿ௜௝൯ே௝ୀଵெ௜ୀଵ െ σ ൫σ ൫σ ݐ௜௝ெ௜ୀଵ ൯ே௝ୀଵ כ ௝ܽ௞൯௄௞ୀ଴ ൅ ௧ܵ כ ܿ௪             (2) 
With: σ ൫σ ൫σ ݐ௜௝ெ௜ୀଵ ൯ே௝ୀଵ כ ௝ܽ௞൯௄௞ୀ଴ ൌ ܣݐݐݎ݅ݐ݅݋݊ܿ݋ݏݐ  
This function presents a novelty because it takes into account the attrition cost of conventional extinct generators. 
4.3. Total investment cost 
The new minimization objective function to be minimized, corresponding to the total investment cost of the 
cogeneration systems integration is: 
ܨ்௢௧௔௟ ൌ σ σ ൫ܪ௕௜௝ כ ܿ௜௝൯ே௝ୀଵெ௜ୀଵ െ σ ൫σ ൫σ ݐ௜௝ெ௜ୀଵ ൯ே௝ୀଵ כ ௝ܽ௞൯௄௞ୀ଴ ൅ ൫σ σ ߙ௜௝ כ ܿ௠௜௝ே௝ୀଵெ௜ୀଵ ൯ െ ൬σ ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െே௝ୀଵ
ܧ௝௟௢௔ௗ൯ כ ൤ܯܽݔ ቀ൫σ ൫ ௜ܲ כ ݐ௜௝൯ெ௜ୀଵ െ ܧ௝௟௢௔ௗ൯ǡ Ͳቁ כ ൬
௡ିଵ
൫σ ൫௉೔כ௧೔ೕ൯
ಾ
೔సభ ିாೕ೗೚ೌ೏൯
൰ ൅ ͳ൨൰ כ ݐܽݎ݂݂݅ ൅ ܫ݊ݒǤ ܥ݋ݏݐ ൅
σ σ ൫ ௜ܲ כ ݐ௜௝൯ே௝ୀଵெ௜ୀଵ כ ܿ௧               (3) 
With: σ σ ൫ ௜ܲ כ ݐ௜௝൯ே௝ୀଵெ௜ୀଵ כ ܿ௧ ൌ ܶݎܽ݊ݏ݉݅ݏݏ݅݋݊ܿ݋ݏݐ  
This function presents a novelty because it takes into account the maintenance cost as time variable, the motivation 
factor, the deterioration factor and the attrition cost of conventional extinct generators. 
4.4. Pollution 
The new objective function to be minimized, corresponding to the pollution of the cogeneration systems integration 
is: 
ܨ௣௢௟௟௨௧௜௢௡ ൌ σ σ ൫ܪ௕௜௝ כ ܦ௜௝൯ே௝ୀଵெ௜ୀଵ ൅ σ σ ߙ௜௝ כ ܦܽ݉௜௝ே௝ୀଵெ௜ୀଵ െ σ ൫σ ൫σ ݐ௜௝ெ௜ୀଵ ൯ே௝ୀଵ כ ܲ݋ ௝݈௞൯௄௞ୀ଴        (4) 
With: σ σ ൫ܪ௕௜௝ כ ܦ௜௝൯ே௝ୀଵெ௜ୀଵ ൌ ܨݑ݈݁݌݋݈݈ݑݐ݅݋݊  
σ σ ߙ௜௝ כ ܦܽ݉௜௝ே௝ୀଵெ௜ୀଵ ൌ ܲ݋݈݈ݑݐ݅݋݊݀ݑ݁ݐ݋ݏݕݏݐ݁݉݀݁ݐ݁ݎ݅݋ݎܽݐ݅݋݊  
σ ൫σ ൫σ ୧୨୑୧ୀଵ ൯୒୨ୀଵ כ ୨୩൯୏୩ୀ଴ ൌ   
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This function presents a novelty because it takes into account the pollution due to the system damage, the 
deterioration factor and the reduced pollution due to conventional extinct generators. 
5. Results and discussions 
In this section, we will compare between the results obtained by the new functions to those obtained by other 
functions.  
5.1. Profit comparison 
For the profit, the new function is compared to that of Tsay and Lin [17]. The latter has the same parameters used 
in the new profit function.  
According to figure 2, for n=1 (i.e. no motivation), the new function has worst values than the reference function. 
%XWIRURWKHUYDOXHVRIQWKHQHZIXQFWLRQKDVEHWWHUUHVXOWV$QGLW¶VHYLGHQWWKDW whether n is high, the profit is high.  
In addition, the deterioration factor and the maintenance cost have significant impact on the profit. As shown in 
figure 2IRUWKHVPDOOHVWYDOXHVRIĮDQGPDLQWHQDQFHFRVWWKHSURILWKDVEHWWHUUHVXOWVDQGFRQYersely.    
5.2. Production cost comparison 
For the production cost, the new function is compared to that of Guo et al [9]. The latter has the same parameters 
used in the new production cost function.  
According to figure 3 LW¶VHYLGHQW WKDW WKHDWWULWLRQFRVWof the conventional extinct generator has a significant 
impact on the production cost. In fact, whether it is high, the production cost is low.  
5.3. Total cost comparison 
For the total cost, the new function is compared to that of Hong et al [5]. The latter has the same parameters used 
in the new total cost function except the investment cost. 
So we added the investment cost to the function for an accurate comparison reason. 
According to figure 4, the motivation factor has shown a significant impact on the total cost. In particular, at a 
given power level the total cost will vanish.  
At the same time, the attrition cost of the conventional extinct generator, the deterioration factor and the 
maintenance cost have shown the same impact discussed in the profit comparison and the production cost comparison. 
 
 
     
Fig.2. Profit comparison: the impact of the added factors                       Fig.3. Production cost comparison: the impact of the added factor 
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Fig.4. Total cost comparison: the impacts of the added factors               Fig.5. Pollution comparison: the impact of the deterioration factor 
 
Fig.6. Pollution comparison: the impact of the reduced pollution due to conventional extinct generators 
5.4. Polluting emissions comparison 
For the polluting emissions calculations, the new function is compared to that of Furusawa et al [4]. The latter has 
the same parameters used in the new pollution function. Then, the comparison takes place at the additional factors to 
the functions. The impacts of these factors are then highlighted from the comparison results. 
According to figure 5, the deterioration factor and the pollution due to system deterioration have a significant 
LPSDFWRQWKHSROOXWLQJHPLVVLRQVZKHQKDYLQJIL[HGWKHUHGXFHGSROOXWLRQGXHWRFRQYHQWLRQDOH[WLQFWJHQHUDWRU,W¶V
evident that when the deterioration factor is high, the pollution is high. 
According to figure 6, the reduced pollution due to conventional extinct generator, when fixing the deterioration 
factor, has a positive impact on the polluting emissions calculations. Whether this parameter is high, the pollution is 
low and conversely.  
6. Conclusion 
This work has presented a general review on the objective functions used in many articles working on the 
cogeneration systems integration. 
Then, it has highlighted new factors to be used for more accuracy in the system modelling. In addition, four new 
objective functions were presented calculating the profit, the production cost, the total investment cost and the 
pollution of the cogeneration systems integration. 
1588   Joseph Al Asmar et al. /  Energy Procedia  74 ( 2015 )  1580 – 1588 
A detailed comparison of the new functions to the old functions has been settled and showed the positive impact 
of all the added factors. The added factors are then essential to be used for decisions when integrating cogeneration 
systems into a smart-grid.    
The proposed functions can be used for the cogeneration systems and the renewable energy systems integration. 
The pollution and the production cost functions may not be used for the renewable energy. In addition, fuel enthalpy 
of the boiler is null for any renewable energy system.   
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